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METHOD AND DEVICE FOR ASSIGNING
REFERENCE SIGNAL SEQUENCES IN
MOBILE COMMUNICATIONS SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2007-161959,
filed on Jun. 19, 2007, the disclosure of which 1s incorporated
herein 1n 1ts entirety by reference.

The present invention relates to a mobile communications
system and, more particularly, to a method and device for
assignment ol reference signal sequences used for reference
signals (also referred to as pilot signals), as well as a base
station and a mobile station using the same.

2. Description of the Related Art

In Long Term Evolution (LTE), which 1s currently being
standardized by the 3rd Generation Partnership Project
(3GPP), single-carrier transmission 1s employed as an uplink
access scheme 1n broadband radio access. The single-carrier
transmission 1s an access scheme excellent 1 power effi-
ciency because the peak-to-average power ratio (PAPR) can
be suppressed low 1n comparison with multi-carrier transmis-
sion such as orthogonal frequency division multiplexing
(OFDM). Therefore, it can be said that the single-carrier
transmission 1s an access scheme suitable for an uplink from
a mobile station (also referred to as user equipment or UE),
which has limited battery capacity, to a base station (also
referred to as eNB).

For uplink reference signal sequences, constant amplitude
zero auto-correlation (CAZAC) sequences are used. The
CAZAC sequence 1s a sequence which has constant ampli-
tude 1n both of time and frequency domains and exhibits an
autocorrelation value of zero at a phase difference of any
value other than zero. Because of the constant amplitude in
time domain, PAPR can be kept low, and because of the
constant amplitude in frequency domain as well, the CAZAC
sequence 1s suitable for channel estimation 1n frequency
domain. As an example of the CAZAC sequence, the Zadoil-
Chu sequence represented by the following Equation 1 can be
recited (see Popovic, B. M., “Generalized Chirp-Like
Polyphase Sequences with Optlmum Correlation Properties,”

IEEE Transactions on Information Theory (July 1992), Vol.
38, No. 4, PP. 1406-1409).

(Equation 1)

when I 1s even

( j2nk { B |
exp 7 5 + 7
cr () = 5 ' '

when [, 1s odd

ok n+l
E}{p[ 7 (H 2 +HJ

wheren=0, 1, ..., and (L-1), L 1s a sequence length, and k 1s
a sequence number which 1s an integer prime to L.

The number of CAZAC sequences depends on the length
of CAZAC sequence. In the case of the Zadoii-Chu sequence,
the number of sequences reaches 1ts peak when the sequence
length L 1s a prime number, and the maximum number of
sequences 1s equal to (L-1). That 1s, the shorter the length of
CAZAC sequences 1s, the smaller the number of the different
CAZAC sequences becomes.

In a case where CAZAC sequences are used for uplink
reference signal sequences, code division multiplexing
(CDM)1s used to multiplex reference signals for a plurality of
mobile stations (see 3GPP R1-060923, Texas Instruments,
“Comparison of Proposed Uplink Pilot Structures For SC-
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OFDMA.,” March 2006). In code division multiplexing of
reference signals, orthogonality between the reference sig-
nals can be accomplished in such a manner that mobile sta-
tions respectively use CAZAC sequences with the same
length, and each mobile station (or each antenna) 1s specified
by cyclic shifts of 1ts own CAZAC sequence. Hereinafiter,
cyclic shufting will be described briefly.
1) Cyclic Shifting

FIG. 1 1s a schematic diagram to describe cyclic shiits
based on a CAZAC sequence. Referring to FIG. 1, assuming
that a CAZAC sequence C, 1s a base sequence S,, a sequence
S, 1s created by shifting the sequence S, rightward and reat-
taching the shifted-out end part of the sequence S, to the top
thereof, and a sequence S, 1s created by shifting the sequence
S, rightward and reattaching the shifted-out end part of the
sequence S, to the top thereol. By sequentially shifting 1n a
ring manner similarly, sequences S,, S., S, and so on are
created. Such shifts are called cyclic shifts, and CAZAC

sequences created by cyclic shifts are referred to as cyclic
shifted sequences. Heremalfter, cyclic shifted sequences are
denoted by S,, S, and so on, using numbers representing the
amount of shiit.

As mentioned above, since the autocorrelation value of a
CAZAC sequence 1s always zero at a phase difference of any
value other than zero, a plurality of reference signals can be
made orthogonal even 1n a multi-path environment 1f a cyclic
shift amount, which corresponds to a total amount reattached
from the end part of a sequence to the top thereot, 1s equiva-
lent to or greater than an assumed maximum delay path time.
For example, 1n a LTE channel model, since the maximum
delay path time 1s approximately 5 usec and one long block 1s
66.6 usec, 1t 1s logically possible to obtain 13 cyclic shifted
sequences from the calculation of 66.6/5. However, 1t 1s pre-
sumed that approximately si1x cyclic shifted sequences can be
orthogonalized 1n practice because impulse responses are
widened along a path due to the influence of a filter and the
like (see 3GPP R1-071294 Qualcomm Europe, “Link Analy-
s1s and Multiplexing Capability for CQI transmission,”
March 2007).

2) Reference Signal (RS)

Uplink reference signals in LTE can be classified into three
broad types: reference signals for demodulation of PUSCH
(Physical Uplink Shared CHannel) that mainly transmits data
(heremaftter, referred to as PUSCH demodulation reference
signals or PUSCH DM RSs); reference signals for demodu-
lation of PUCCH (Physical Uplink Control CHannel) that
transmits control signals (hereinafter, referred to as PUCCH
demodulation reference signals or PUCCH DM RSs); and
reference signals for measurement of uplink channel quality,
or reference signals for CQI measurement (heremafter,
referred to as sounding reference signals or sounding RSs).

FIG. 2 1s a format diagram showing an example of resource
allocation 1n a slot including PUSCH, PUCCH, reference
signals for demodulation of these channels, and a sounding,
reference signal. One slot includes seven long blocks (LBs).
Resource blocks (RBs) on both ends of the entire band are
allocated to PUCCH, and PUCCH and PUSCH are multi-
plexed by frequency division multiplexing (FDM). Note that

one resource block includes 12 sub-carriers.
Moreover, PUCCH and PUCCH demodulation reference

signals, and PUSCH and PUSCH demodulation reference
signals are time-division-multiplexed 1n their respective
bands. A resource 1n a wide band 1s allocated to a sounding
reference signal, separately from the PUCCH demodulation
reference signals and PUSCH demodulation reference sig-
nals.
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Incidentally, in LTE, 1t1s defined that when one UE (mobile
station or user equipment) transmits a control signal and
uplink data by using a single slot, the control signal 1s trans-
mitted along with the data by using PUSCH, and that when a
control signal only 1s transmitted, the control signal 1s trans-

mitted by using PUCCH. The features of each reference sig-
nal will be described hereinatter.

2.a) PUSCH DM RS

With respect to PUSCH, which 1s mainly used for uplink
data transmission, UEs are multiplexed by localized ire-
quency division multiplexing (LFDM). Accordingly, with
respect to the PUSCH demodulation reference signal
(PUSCH DM RS), UEs are multiplexed similarly by LEDM.
Since 1t 1s defined 1n standardization that the minimum trans-
mission band for PUSCH 1s one resource block (12 sub-
carriers), the band for a PUSCH demodulation reference sig-
nal similarly includes 12 sub-carriers. Since 11 1s the largest
prime number (L) that 1s not greater than 12, ten (=L-1)
different CAZAC sequences can be used for reference signal
sequences.

When MIMO (Multiple Input Multiple Output), which s a
space multiplexing technique, 1s not applied, the band of a
resource block used for PUSCH 1s occupied by a single UE.
Therefore, 1t 1s not required to multiplex UEs of PUSCH
demodulation reference signals.

On the other hand, when MIMO 1s applied, multiplexing of
reference signals between antennas 1s required in SU-MIMO
(Single User MIMO), and multiplexing of reference signals
between UEs 1s required in MU-MIMO (Multi User MIMO).
However, since it 1s defined that CDM 1s used to multiplex
reference signals when MIMO 1s applied, the length of refer-
ence signal sequence 1s not reduced. Accordingly, as to the
number of cyclic shifted sequences per cell, as many

sequences as the number of transmission antennas in the case
of SU-MIMO, or the number of multiplexed UEs in the case
of MU-MIMO, are basically suilicient.

2.b) PUCCH DM RS

In LTE, feedback information on a downlink signal needs
to be transmitted as an uplink control signal. This signal 1s a
data-non-associated control signal, which will be simply
referred to as “control signal” hereinafter. An uplink control
signal contains acknowledgment/negative acknowledgment
(ACK/NACK) indicating whether or not downlink informa-
tion has been successtully received without error, channel
quality indicator (CQI) indicating downlink channel quality,
MIMO-related information, and the like. In LTE, 1t 1s defined
that when one UE transmits a control signal and uplink data
by using a single slot, the control signal 1s transmitted along,
with the data by using PUSCH, and that when a control signal
only 1s transmitted, the control signal 1s transmitted by using
PUCCH.

To secure the coverage of a control signal, it 1s defined 1n
standardization that PUCCH 1s transmitted 1n a narrow band,
as shown 1n FIG. 2 for example. Moreover, to obtain larger
frequency diversity effects in PUCCH transmission in a nar-
row band, it 1s defined in standardization that multiplexing of
UEs on PUCCH 1s performed by using CDM for spreadmg
over the band of PUCCH. In this event, a CAZAC sequence 1s
employed as a sequence used as spreading codes, whereby
orthogonality between UEs can be accomplished as in the
above-described multiplexing of reference signals by CDM.

UE multiplexing 1s also required with respect to the
PUCCH demodulation reference signal (PUCCH DM RS).
However, if UE multiplexing 1s performed by distributed
FDM (DFDM), the length of reference signal sequence is
reduced, resulting 1n a smaller number of usable CAZAC
sequences. Therefore, for UE multiplexing of PUCCH
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demodulation reference signals, CDM 1s employed, by which
the length of reference signal sequence 1s not reduced and a
certain number of CAZAC sequences can be secured. How-
ever, as mentioned above, PUCCH needs to be used for trans-
mission of not only ACK/NACK from a UE receirving data
through a downlink but also CQI which indicates the down-
link quality of a UE that 1s waiting for downlink data trans-
mission to be scheduled. Accordingly, the number of multi-
plexed UEs on PUCCH 1s larger than the number of UEs to
which downlink data (PDSCH: Physical Downlink Shared
CHannel) 1s transmitting.

FIG. 3 1s a format diagram showing an example of the
structure of a PUCCH slot. One slot includes seven long
blocks (LBs), and 1n PUCCH, a reference signal (RS) occu-
pies two or three long blocks per slot. Accordingly, 1t 1s also
possible to increase the number of code-division-multiplexed
reference signals by performing block spreading (Walsh cov-
ering) for the RS blocks (here, three LBs) by using user-
specific orthogonal codes. The number of code-division-mul-
tiplexed PUCCH demodulation reference signals can be
made two or three times larger by performing block spreading,
(see 3GPP R1-071293, Qualcomm FEurope, “Link Analysis
and Multiplexing Capability for UL ACK,” March 2007).

Incidentally, 1t 1s thought that the band of PUCCH 1s as
wide as one resource block (12 sub-carriers) or so (see 3GPP
R1-070782, Motorola, “Multiplexing of UL L1/L2 control
signals 1n the absence of data,” February 2007). Accordingly,
as described regarding PUSCH, ten CAZAC sequences can
be used for the PUCCH demodulation reference signal.

2.c) Sounding RS

In LTE, a sounding reference signal for measurement of
uplink ehannel quality 1s transmitted, apart from the reference
signals for demodulation. A base station measures uplink
channel quality by using a sounding reference signal trans-
mitted by a UE and performs channel- dependent frequency
scheduling, whereby multi-user diversity eflects can be
obtained. Since a sounding reference signal needs to be trans-
mitted at least by a UE that 1s transmitting uplink data and a
UE that1s waiting for scheduling, a large number of UEs need
to be multiplexed in the same band. To multiplex Ues of
sounding reference signals, 1t 1s defined that frequency divi-
sion multiplexing (FDM) 1s used to multiplex UEs that are
using different bandwidths, and that code division multiplex-
ing (CDM), by which the length of CAZAC sequence 1s not
reduced, 1s used to multiplex UEs that are using the same
bandwidth.

To obtain multi-user diversity effects of channel-depen-
dent frequency scheduling, 1t 1s thought that a sounding ret-
erence signal 1s transmitted in a band wider than one resource
block (12 sub-carriers), and the band 1s currently considered
to be as wide as at least si1x resource blocks or so (see 3GPP
R1-072429, NTT DoCoMo, Fujitsu, Mitsubishi1 Electric,
NEC, Panasonic, Sharp, and Toshiba Corporation, “Neces-
sity of Multiple Bandw1dth for Sounding Reference Signals,”
May 2007). However, 1n the case where UEs are multiplexed
by DFDM, the number of sub-carriers that are practically
transmitted 1s 1/RPF, where RPF 1s Repetition Factor. For
example, 1n the case of six resource blocks, assuming that
RPF=2, a sounding reference signal is thought to have a
bandwidth equivalent to three resource blocks (36 sub-carri-
ers) or so. In the case of 36 sub-carriers, since 31 1s the largest
prime number (L) that 1s not larger than 36, 30 CAZAC
sequences can be used.

3) Grouping of Sequences

In L'TE, since the transmission bandwidth of PUSCH 1s
variable, the length of a reference signal sequence used for
PUSCH demodulation 1s also variable. Moreover, 1t 1s con-
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sidered that the sounding reference signal also has multiple
transmission bandwidths (see 3GPP R1-072429 cited above).
Accordingly, 1t 1s necessary to discriminatingly use reference
signal sequences of multiple sequence lengths. In general,
from the viewpoint of suppression of inter-cell interference, 1t
1s preferable that sequences having a small cross correlation
value be assigned as reference signal sequences between
neighboring cells. However, the cross correlation between
CAZAC sequences of different sequence lengths 1s not
always small.

Accordingly, a method 1s proposed by which CAZAC
sequences of multiple sequence lengths are collected as a
group and CAZAC sequences are assigned 1n group units,
with consideration given so that the cross-correlation features

between CAZAC sequences to be used 1n neighboring cells
become as small as possible (see 3GPP R1-070367, Huawei,

“Sequence Allocation Method for E-UTRA Uplink Refer-
ence Signal,” January 2007, and 3GPP R1-072467, Ericsson,
“Uplink reference-signal (DM) structure,” May 2007).

According to an example of grouping described 1n 3GPP
R1-072467 cited above, a plurality of groups are made in such
a manner that a sequence C, ; of one resource block (a
sequence length of 12), sequences C,, and C,, of two
resource blocks (a sequence length of 24), sequences C, ,,
C; , and C, ; of three resource blocks (a sequence length of
36), and so on are collected as a group, and another sequence
C, , of one resource block (a sequence length of 12), other
sequences C, , and C, , of two resource blocks (a sequence
length of 24), other sequences C; ,, C; . and C, . of three
resource blocks (a sequence length of 36), and so on are
collected as another group, and so on. The larger the sequence
length 1s, the larger the number of usable CAZAC sequences
becomes, and hence the more sequences one group can
include.

4) Assignment of Sequences

In a cellular system, the use of the same reference signal
sequences between neighboring cells results 1n inter-cell
interference. Therefore, when the same sequences are used, 1t
1s necessary to make a reuse distance as large as possible,
where the reuse distance 1s a distance at which the same
sequence 1s repeatedly used. The reuse distance can be also
expressed in terms of the number of cells/sectors. Heremafter,
description will be given of a sequence assignment method 1n
a case where CAZAC sequences are used as reference signal
sequences.

FIG. 4 A 1s a schematic diagram showing an example of the
structure of acell, FI1G. 4B 1s a schematic diagram showing an
example of sequence assignment 1n a case where CAZAC
sequences are used as reference signal sequences, and FIG.
4C 1s a schematic diagram showing another example of
sequence assignment. Referring to FIG. 4A, 1t 1s assumed that
an arbitrary cell #1 has a structure including a plurality of
sectors (here, three sectors #1.1, #1.2 and #1.3). “Sector” and
“cell” are sometimes referred to as “cell” and “eNB” respec-
tively. Using the terms “cell” and “eNB.” it can also be
defined that a plurality of cells constitute one base station
(eNB). Here, as an example, only a case where a reference
signal corresponds to one resource block (has a sequence
length o1 12) 1s shown. Moreover, in FIGS. 4B and 4C, C, , to
C, o denote mutually different CAZAC sequences, and
S, S, ...denotecyclic shifted sequences based ona CAZAC
sequence (the same will apply hereinaftter).

In a cellular system shown 1n FIG. 4B, one cell has three
sectors, and one CAZAC sequence 1s assigned to each sector
tor the above-described three types of reference signals (this
assignment method will be referred to as sector repetition
assignment, or also referred to as cell-specific assignment).
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Here, since nine CAZAC sequences C, , to C, , are repeat-
edly assigned to sectors, the same CAZAC sequences are

repeatedly assigned every three cells.

In a cellular system shown 1n FIG. 4C as well, one cell has
three sectors. However, one CAZAC sequence 1s assigned to
cach base station (cell) for the above-described three types of
reference signals (this assignment method will be referred to
as cell repetition assignment, or also referred to as eNB-
specific assignment). In the cell repetition assignment, cyclic
shifted sequences S based on a CAZAC sequence C assigned
to each cell are assigned to the sectors 1n the cell 1n question.
Here, since nine CAZAC sequences C, , to C, , are repeat-
edly assigned to cells, the same CAZAC sequences are
repeatedly assigned every nine cells, and 1n each cell, differ-
ent cyclic shifted sequences based on a CAZAC sequence
assigned to the cell 1n question are assigned to three sectors
constituting the cell 1n question.

However, according to the sector repetition assignment
method shown 1n FIG. 4B, particularly 1n a case where the
number of CAZAC sequences 1s small, the reuse distance
between cells using the same reference signals 1s small, caus-
ing the problem of inter-cell interference. For example, when
a minimum number of CAZAC sequences, that 1s, ten
CAZAC sequences are used as reference signal sequences for
PUSCH demodulation and PUCCH demodulation, then the
sequences are repeated every nine sectors, with the result that
interference equivalent to that in the case of 3-cell repetition
occurs 1n the end. For example, the same CAZAC sequences
C, , arcassignedtoasector 1.1 1mafirstcell andto asector4.1
in a fourth cell.

On the other hand, according to the cell repetition assign-
ment method shown 1n FI1G. 4C, cyclic shifted sequences are
used to accomplish orthogonality between sectors. Therefore,
the number of cyclic shifted sequences used to multiplex UEs
per sector 1s reduced, resulting 1n a smaller number of UE
code-division-multiplexing of reference signals. That 1s, as
described above, for example, six cyclic shifted sequences S,
to S, can be used based on the CAZAC sequence C, ,
assigned to the first cell. Therefore, only two sequences can
be assigned to each sector, and accordingly only two UEs can
be multiplexed by CDM 1n the same bandwidth with respect
to all types of reference signals.

As described above, according to the sector repetition
assignment, although the number of cyclic shifted sequences
per sector can be large, the reuse distance 1s short. Conversely,
according to the cell repetition assignment, although the reuse
distance can be long, the number of cyclic shifted sequences
per sector 1s small. Accordingly, the use of any one of the
sector repetition assignment method and cell repetition
assignment method for all types of reference signal
sequences, such as the PUSCH demodulation reference sig-
nal, PUSCCH demodulation reference signal, and sounding
reference signal, inevitably leads to a reduction 1n either the
number of cyclic shifted sequences per sector or the reuse
distance.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a sequence
assignment method and device that can reduce the influence
ol inter-cell interference and also can increase the number of
users per sector that can be multiplexed by CDM.

According to the present invention, 1n a mobile communi-
cations system having a plurality of cells, each of which
includes a plurality of sectors, a plurality of pseudo-orthogo-
nal sequences used for reference signals are assigned to cells
or sectors using a plurality of repetition patterns.
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According to the present invention, 1t 1s possible to reduce
the influence of inter-cell interference, and also to increase

the number of users per sector that can be multiplexed by
CDM.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a schematic diagram to describe cyclic shift based
on a CAZAC sequence.

FI1G. 2 1s a format diagram showing an example of resource
allocation 1 a slot including PUSCH, PUCCH, reference
signals for modulation of these channels, and a sounding
reference signal.

FIG. 3 1s a format diagram showing an example of the
structure of a PUCCH slot.

FIG. 4 A 1s a schematic diagram showing an example of the
structure of a cell.

FIG. 4B 1s a schematic diagram showing an example of
sequence assignment 1 a case where CAZAC sequences are
used as reference signal sequences.

FI1G. 4C 1s a schematic diagram showing another example
ol sequence assignment.

FIG. 5A 1s a cell structure diagram showing an example of
cell repetition assignment of reference signal sequence
groups according to a first exemplary embodiment of the
present invention.

FIG. 5B 1s a cell structure diagram showing an example of
sector repetition assignment of reference signal sequence
groups according to the first exemplary embodiment.

FIG. 6 1s a diagram showing groups including CAZAC
sequences ol multiple different sequence lengths.

FIG. 7 1s a sequence assignment table showing, on a cell/
sector basis, the assignment of reference signal sequences
according to the first exemplary embodiment of the present
invention.

FI1G. 8A 15 a cell structure diagram showing an example of
cell repetition assignment of CAZAC sequences and their
cyclic shifted sequences to be used in individual cells 1n a case
where the PUSCH/PUCCH demodulation reference signal
has a sequence length of 12 and the sounding reference signal
has a sequence length of 36.

FIG. 8B 1s a cell structure diagram showing an example of
sector repetition assignment under similar conditions.

FIG. 9 15 a sequence assignment table showing, on a cell/
sector basis, the assignment of the reference signal sequences 45
shown 1n FIGS. 8A and 8B.

FI1G. 10A 1s a cell structure diagram showing an example of
cell repetition assignment of PUSCH/PUCCH demodulation
reference signal sequence groups according to a second
exemplary embodiment of the present invention.

FI1G. 10B 1s a cell structure diagram showing an example of
cell repetition assignment of sounding reference signal
sequence groups according to the present exemplary embodi-
ment.

FIG. 11 1s a sequence assignment table showing, on a 55
cell/sector basis, the assignment of reference signal
sequences according to the second exemplary embodiment of
the present invention.

FI1G. 12A 15 a cell structure diagram showing an example of
a method for cell repetition assignment of sequence groups 60
with respect to the PUSCH demodulation reference signal
according to a third exemplary embodiment of the present
invention.

FI1G. 12B 1s a cell structure diagram showing an example of
a method for sector repetition assignment of sequence groups 65
with respect to the PUCCH demodulation reference signal
according to the third exemplary embodiment.
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FIG. 12C 1s a cell structure diagram showing an example of
a method for sector repetition assignment of sequence groups
with respect to the sounding reference signal according to the
third exemplary embodiment.

FIG. 13 1s a sequence assignment table showing, on a
cell/sector basis, the assignment of reference signal
sequences according to the third exemplary embodiment of
the present invention.

FIG. 14 A 1s a cell structure diagram showing an example of
cell repetition assignment of PUSCH demodulation reference
signal sequences and cyclic shifted sequences to be used 1n
individual cells mm a case where the PUSCH/PUCCH
demodulation reference signal has a sequence length of 12
and the sounding reference signal has a sequence length 01 36.

FIG. 14B 1s a cell structure diagram showing an example of
sector repetition assignment of PUCCH demodulation refer-
ence signal sequences and cyclic shifted sequences under
similar conditions.

FIG. 14C 1s a cell structure diagram showing an example of
sector repetition assignment of sounding reference signal
sequences under similar conditions.

FIG. 15 1s a sequence assignment table showing, on a
cell/sector basis, the assignment of the reference signal
sequences shown 1 FIGS. 14A to 14C.

FIG. 16 1s a block diagram showing the major configura-
tion of a base station in a mobile communications system to
which the sequence assignment method according to any one
of the first to third exemplary embodiments of the present
invention 1s applied.

FIG. 17 1s a block diagram showing the major configura-
tion of a mobile station 1n the mobile communications system
to which the sequence assignment method according to any
one of the first to third exemplary embodiments of the present
invention 1s applied.

FIG. 18 1s a sequence diagram showing a sequence assign-
ment procedure in the mobile communications system to
which the sequence assignment method according to any one
of the first to third exemplary embodiments of the present
invention 1s applied.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

L1
=]

ERRED

Heremaftter, exemplary embodiments of the present inven-
tion will be described 1n detail, by taking the cell structure
shown 1n FIG. 4A as an example to avoid complicating the
description. That 1s, 1t 1s assumed that one base station (eNB)
has a cell structure including three sectors. However, the
present invention does not mtend to limit the number of
sectors to three. Incidentally, the terms “sector” and *“cell” are
sometimes referred to also as “cell” and “eNB” respectively.
In addition, for a reference signal sequence, a CAZAC
sequence 1s assumed to be used.

1. First Exemplary Embodiment

FIG. SA 1s a cell structure diagram showing an example of
cell repetition assignment of reference signal sequence
groups according to a first exemplary embodiment of the
present invention. FI1G. 5B 1s a cell structure diagram showing
an example of sector repetition assignment of reference sig-
nal sequence groups according to the present exemplary
embodiment. Here, nine cells #1 to #9 are shown as an

example, and each cell #1 1s assumed to include three sectors
#1.1 to #1.3. FIGS. 5A and 5B show the same cells #1 to #9.
In FIGS. 5A and 8B, G, to G, denote groups, which will be

described later, and S, to S, denote six cyclic shifted
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sequences based on any reference signal sequence. Moreover,
an expression “S_ " denotes two cyclic shitted sequences S,
and S, such as S, ,” denoting two cyclic shifted sequences
S, and S, and an expression “S,_” denotes six cyclic shifted
sequences S, to S,. The same will hold true hereinafter.

Note that cyclic shifted sequences S,, S,, . . . are general
expressions. As described already, 1 reference signal
sequences are ditlerent, cyclic shifted sequences respectively
created based on these reference signal sequences are differ-
ent as a matter of course even 11 they are denoted by the same
symbols and numerals. For example, referring to FIG. 5A,
cyclic shifted sequences S, , under the group G, assigned to
the sector #1.1 1n the cell #1 represent the first and fourth
cyclic shifted sequences S, and S, of six cyclic shifted
sequences S, to S, based on a reference signal sequence
belonging to the group G, . Similarly, cyclic shifted sequences
S, 4 under the group G, assigned to the sector #2.1 1n the cell
#2 represent the first and fourth cyclic shifted sequences S,
and S, of six cyclic shifted sequences S, to S, based on a
reference signal sequence belonging to the group G,. Accord-
ingly, even 1t denoted by the same symbols and numerals
“S, 4, the cyclic shifted sequences S, , under the group G,
and the cyclic shifted sequences S, , under the group G, are
different because their base reference signal sequences are
different.

According to the present invention, a method for assigning
reference signal sequences 1s selected depending on the fea-
tures ol a reference signal and a required condition. In the
present exemplary embodiment, cell repetition assignment 1s
employedto assign groups of reference signal sequences used

tor PUSCH (Physical Uplink Shared CHannel) and PUCCH
(Physical Uplink Control CHannel), as shown in FIG. 5A.
Sector repetition assignment 1s employed to assign groups of
sounding reference signal sequences, as shown in FIG. 3B.
Hereinaiter, a reference signal sequence assignment method
according to the present exemplary embodiment will be
described 1n detail, after description of the features and con-
ditions of a sequence group and reference signals used 1n the
present exemplary embodiment.

1.1) Grouping,

Assignment of sequence groups 1s proposed from the view-
point that, as described already, although it 1s necessary to
discriminatingly use multiple reference signal sequences of
different sequence lengths, the correlation between CAZAC
sequences of different sequence lengths 1s not always small
(see 3GPP R1-070367 and 3GPP R1-072467 cited earlier).
That 1s, 1 assignment of sequence groups, some CAZAC
sequences of multiple different sequence lengths are col-
lected as a group while the characteristics of the correlation
between the CAZAC sequences are considered, and CAZAC
sequences are assigned in group units. Such different CAZAC
sequences having a suificiently small but non-zero correla-
tion will be referred to as “pseudo-orthogonal sequences.”
Moreover, sequences created based on such a pseudo-or-
thogonal sequence, for example, cyclic shifted sequences
created by cyclically shifting a CAZAC sequence as
described above will be referred to as “orthogonal
sequences.” Hereinalter, an example of a method of making a
group of sequences used 1n the present exemplary embodi-
ment will be presented.

FIG. 6 1s a diagram showing groups including CAZAC
sequences ol multiple different sequence lengths. The group
numbers G, to Gy, denote different groups of CAZAC
sequences (pseudo-orthogonal sequences). For example, 1n
the case of one resource block (here, the sequence length 1s
12, and therefore L=11), nine CAZAC sequences C, ; to C, ¢

are placed 1n the groups G, to G9, respectively. Similarly, 1n
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the case of two resource blocks (here, the sequence length 1s
24, and therefore .=23), 18 CAZAC sequences C, , to C, 4
are placed two by two 1n the groups G, to G, respectively. In
the case of three resource blocks (here, the sequence length 1s
36, and therefore .=31), 27 CAZAC sequences C; , to C; ,-
are placed three by three 1n the groups G, to G, respectively.
In such a manner, 1n the case of N resource blocks, (9xN)
CAZAC sequences are placed N by N 1n the groups G, to G,
respectively. Thus, for example, the group G, includes the
sequence C, , of one resource block, the sequences C, , and
C, , of two resource blocks, the sequences C, ,, C, , and C; ,
ol three resource blocks, and so on. Each of the subsequent
groups 1s made similarly.

According to the present exemplary embodiment, using the
thus made groups G, to Gy as units, assignment of CAZAC
sequences 1s performed in accordance with the under-men-
tioned types (here, features and required conditions) of ref-
erence signals, through cell repetition assignment 1n the case
shown 1n FIG. SA, or sector repetition assignment 1n the case

shown 1n FIG. 5B.
1.2) Features and Required Conditions of RSs

According to the present exemplary embodiment, an
appropriate sequence assignment method is selected for each
type of reference signal with consideration given to the fea-
tures and required conditions of the reference signals,
whereby 1t 1s possible to imcrease both the number of cyclic
shifted sequences per sector and the reuse distance. The fea-
tures and required conditions of each type of reference signal
are summarized below, which are described before (see 2.
Description of Related Art, 2) Reference signal).

1.2.a) PUSCH DM RS
Features:

CDM using cyclic shifted sequences 1s not employed for
mobile-station (UE) multiplexing when MIMO 1s not

applied. CDM 1s employed only when MIMO is applied.

The sequence length varies depending on frequency sched-
uling. The minimum sequence length 1s 12.

Required Conditions:
The reuse distance should be long.

1.2.b) PUCCH DM RS
Features:

CDM using cyclic shifted sequences 1s employed for UE
multiplexing.

The number of UEs transmitting PUCCH demodulation
reference signals 1s large because not only ACK/NACK 1s
transmitted from a UE that 1s the destination of downlink data
but also CQI 1s transmitted from a UE that 1s waiting for a
downlink resource to be scheduled.

Required Conditions:
The reuse distance should be long.

As many UEs as possible should be multiplexed for effi-
cient use of resources.

1.2.¢) Sounding RS

Features:

CDM using cyclic shifted sequences 1s employed for UE
multiplexing.

The minimum sequence length 1s 36 (when bandwidth
BW=1.25 MHz, and repetition factor RPF=2).

The number of mobile stations transmitting sounding ref-
erence signals 1s large because a sounding reference signal 1s
transmitted not only by a UE that 1s transmitting uplink data
but also by a UE that 1s waiting for an uplink resource to be

scheduled.
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Required Conditions:

The reuse distance should be long.

As many mobile stations as possible should be multiplexed
for eflicient use of resources.

It 1s preferable that a sequence assignment method be
determined for each type of reference signal with consider-
ation given to the above described features and required con-
ditions of each type of reference signal.

1.3) Sequence Assignment for RSs

According to the present exemplary embodiment, consid-
ering the above-described features and required conditions,
cell repetition assignment 1s applied with respect to the
PUSCH demodulation reference signal and PUCCH
demodulation reference signal, and sector repetition assign-
ment 1s applied with respect to the sounding reference signal.
1.3a) Sequence assignment for PUSCH DM RS

Cell repetition assignment 1s employed for group assign-
ment with respect to PUSCH demodulation reference signals,
as shown 1n FIG. 5A. Specifically, the nine groups G, to Gq
are assigned to the different cells #1 to #9 respectively. The
reasons for employing cell repetition assignment in the case
of PUSCH demodulation reference signals are as follows.

(1) Cell repetition assignment can make a long reuse dis-
tance 1n comparison with sector repetition assignment.

(2) If two cyclic shifted sequences are assigned per sector,
it 1s possible to support 2-antenna multiplexing when SU-
MIMO 1s applied. Further, in the case where two long blocks
tor PUSCH demodulation reference signal are included 1n a
single slot, 1t 1s also possible to support 4-antenna multiplex-
ing, which are double, by applying block spreading (Walsh
covering).

(3) Sector repetition assignment cannot make a suificiently
long reuse distance particularly when the sequence length 1s
the smallest (=12).

Referring to FIG. SA, i each cell, six cyclic shifted
sequences S, . based on any reference signal sequence
belonging to a group assigned to the cell are assigned to the
three sectors in the cell. Accordingly, two cyclic shifted
sequences (here, S| 4, S, sand S; 4) are assigned to each of the
three sectors, whereby orthogonality between two UEs can be
accomplished 1n each sector.

For example, in the first sector #1.1 of the cell #1 which 1s
assigned the group G, 1t the transmission band of PUSCH
corresponds to two resource blocks, two cyclic shifted
sequences S, and S, based on a reference signal sequence C, |
can be assigned. In the case where MIMO 1s not applied, since
the band corresponding to the resource blocks used for
PUSCH 1s occupied by one UE, UE multiplexing 1s not
required with respect to the PUSCH demodulation reference
signal. However, 1n the case where MIMO 1s applied, refer-
ence signals need to be multiplexed between antennas 1n
SU-MIMO, and between UEs in MU-MIMO. Hence, cyclic
shifted sequences assigned to each sector can be used to
orthogonalize reference signals between sectors and to
orthogonalize reference signals when MIMO 1s applied.

Note that the above case such that the cyclic shifted
sequences S, 4, S, sand S; 4 respectively assigned to the three
sectors 1s an example. Cyclic shifted sequences S, ,, S5 4 and
S5 ¢ may be assigned to the three sectors respectively.
1.3b) Sequence assignment for PUCCH DM RS

According to the present exemplary embodiment, cell rep-
ctition assignment 1s also employed with respect to PUCCH
demodulation reference signal, as shown in FIG. 5A. The
reasons for employing cell repetition assignment in the case
of the PUCCH demodulation reference signal are as follows.

(1) According to cell repetition assignment, as described
above, the number of cyclic shifted sequences per sector 1s
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small, and accordingly the number of code-division-multi-
plexed mobile stations (hereinatter, also denoted by CDM-
UEs) with respect to PUCCH 1s also small. However, the
number of CDM-UEs can be increased by applying block
spreading (Walsh covering). For example, 1n a case where
three long blocks for the PUCCH demodulation reference
signals are included in one slot, 1if two cyclic shifted
sequences can be used 1n each sector, the number of CDM-
UEs can be increased to six (2x3) or so at the largest by
applying Walsh covering when ACK/NACK 1s transmitted.

(2) According to sector repetition assignment, 1n a similar
case, since siXx cyclic shifted sequences can be used, the
number of CDM-UEs can be increased to 18 (6x3) at the
largest by applying Walsh covering. However, the reuse dis-
tance 1s short.

For the above reasons, in the present exemplary embodi-
ment, cell repetition assignment 1s employed with respect to

PUCCH.

As described above, according to the cell repetition assign-
ment, since the reuse distance can be made large, inter-cell
interference can be suppressed as 1n the case of the PUSCH
demodulation reference signal. In this case, cyclic shifted
sequences based on each CAZAC sequence are used to
orthogonalize reference signals between cells and to orthogo-
nalize reference signals of users transmitting PUCCH.
1.3¢) Sequence Assignment for Sounding RS

Sector repetition assignment 1s employed for group assign-
ment with respect to the sounding reference signal, as shown
in FIG. 5B. Specifically, the nine groups G, to G, are sequen-
tially assigned to the different sectors #1.1, #1.2, #1.3, #2.1,
#2.2, and so on. Here, the groups G, G, and G-, are assigned
to the sectors #1.1 to #1.3 in the cell #1 respectively, and the
groups G, G and Gy are assigned to the sectors #2.1 to #2.3
in the cell #2 respectively. In such a manner, the groups are
assigned to sectors through sector repetition assignment.
Note that this order 1n which the groups are assigned 1s an
example. For example, 1t 1s also possible to assign the groups
G, to G, to the sectors #1.1 to #1.3 1n the cell #1 respectively.

Incidentally, 1n a case where the number of resource blocks
1s large, since a large number of reference signal sequences
are included 1n a group as shown in FIG. 6, different
sequences can be assigned even 1 the same groups are
assigned, as long as the number of the different sequences 1s
not greater than the number of the reference signal sequences
included 1n the group. For example, although the sector #1.1
in the cell #1 and the sector #4.1 1n the cell #4 are each
assigned the same group G, the sectors #1.1 and #4.1 can be
assigned different reference signal sequences C, , and C, ,
respectively as can be seen from the 1tems 1n the row “G,”” and
the column “3 RESOURCE BLOCKS” of the table o1 FIG. 6.
The details thereot will be described later.

By performing assignment as described above, in each
sector, 1t 1s possible to use a maximum number of cyclic
shifted sequences (here, S, ., that 1s, S, to S,) based on a
reference signal sequence belonging to a group assigned to
the sector. The reasons for employing sector repetition
assignment 1n the case of the sounding reference signal are as
follows.

(1) According to the cell repetition assignment, although a
long reuse distance can be made, the number of usable cyclic
shifted sequences per sector 1s small. In the above-described
example, two cyclic shufted sequences can be used 1n each
sector.

(2) According to the sector repetition assignment, the num-
ber of reference signal sequences 1s large due to 1ts wide
bandwidth. Accordingly, the reuse distance 1s suiliciently
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long even 11 sector repetition assignment 1s employed. In the
above-described example, six cyclic shifted sequences can be
used 1n each sector.

As described above, since the minimum sequence length
(here, 36) of CAZAC sequences for the sounding reference
signal 1s large 1n comparison with the minimum sequence
length (here, 12) of CAZAC sequences used for PUSCH
demodulation and PUCCH demodulation, the number of
sequences 1s large, reducing the problem related to the reuse
distance. Accordingly, sector repetition assignment, which
can make a large number of cyclic shifted sequences, 1s suit-
able for sequence assignment with respect to the sounding
reference signal. In this case, all cyclic shifted sequences
based on each CAZAC sequence can be used to orthogonalize
users that are transmitting sounding reference signals.

1.4) Sequence Assignment Table

According to the present exemplary embodiment, consid-
ering the above-described features and required conditions of
cach type of reference signal, cell repetition assignment 1s
employed with respect to the PUSCH demodulation refer-
ence signal and PUCCH demodulation reference signal, and
sector repetition assignment 1s employed with respect to the
sounding reference signal. From the standpoint of each cell
and sector, the assignment methods can be described as fol-
lows.

FIG. 7 1s a sequence assignment table showing, on a cell/
sector basis, the assignment of reference signal sequences
according to the first exemplary embodiment of the present
invention. Here, shown are the exemplary uses of the refer-
ence signal sequence groups G, to G, and cyclic shifted
sequences S, to S, as shown in FIGS. SA and 5B, showing
which groups and cyclic shifted sequences are used 1n each
cell and sector.

For example, referring to the cell #1, with respect to the
PUSCH demodulation reference signal sequence, the group
(G, 1s assigned to the cell #1, and si1x cyclic shifted sequences
S, to S, are assigned to the sectors #1.1, #1.2 and #1.3 by twos
(here, S, 4, S, 5 and S; 4 respectively). Assignment 15 simi-
larly performed with respect to the PUCCH demodulation
reference signal sequence.

Moreover, with respect to the sounding reference signal
sequencer the nine groups G, to G, are sequentially assigned
to the different sectors #1.1, #1.2, #1.3, #2.1, #2.2, and so on.
For example, the groups G,, G, and G- are assigned to the
sectors #1.1 to #1.3 of the cell #1 respectively, and cyclic
shifted sequences (here, S, ., that 1s, S, to S,) based on a
reference signal sequence belonging to the assigned one of
the groups G,, G, and G- canbeused 1n each sector. However,
as described with reference to FIG. 6, even using the same
groups, since the number of usable reference signal
sequences 1ncreases with an increase in the number of
resource blocks, the problem related to the reuse distance 1s
small in the case of the sounding reference signal sequence.

For example, it 1s assumed that a PUSCH/PUCCH
demodulation reference signal corresponds to one resource
block, and that a sounding reference signal corresponds to
three resource blocks. In this case, with respect to the
PUSCH/PUCH demodulation reference signal, 9-cell repeti-
tion assignment 1s employed by which reference signal
sequences C, ; to C, , belonging to the groups G, to Gy as
shown 1n FI1G. 6 are assigned to the cell #1 to #9 respectively.
With respect to the sounding reference signal, 2°7-sector rep-
ctition assignment 1s employed by which reference signal
sequences C, , to C; ,- belonging to the groups G, to Gy, as
shown 1n FI1G. 6 are assigned to the sectors #1.1 to #9.3 of the
cells #1 to #9 respectively. Accordingly, the level of interfer-
ence of every type of reference signal 1s equivalent to the level

5

10

15

20

25

30

35

40

45

50

55

60

65

14

ol interference 1n the case of 9-cell repetition. A specific
example thereot will be described later.

As described above, according to the present exemplary
embodiment, two cyclic shifted sequences per sector can be
used with respect to the PUSCH demodulation reference
signal, two cyclic shifted sequences, with respect to the
PUCCH demodulation reference signal, and s1x cyclic shifted
sequences, with respect to the sounding reference signal.
Here, the cyclic shifted sequences for PUSCH demodulation
assigned to each sector are used only when MIMO 1s applied.
However, the cyclic shifted sequences for PUCCH demodu-
lation and the cyclic shifted sequences for sounding are used
for UE multiplexing. Incidentally, with respect to the PUCCH
demodulation reference signal, the number of CDM-UESs can
be increased to six (2x3) by using the aforementioned block
spreading (Walsh covering) 1f a reference signal 1n one slot
corresponds to three long blocks.

1.5) Notification of Sequence Assignment

Since an uplink reference signal 1s used for channel esti-
mation or for channel quality measurement, 1t 1s necessary
that an assigned reference signal sequence should be known
to both of a base station and a mobile station (UE) in advance.
To this end, the base station notifies each mobile station of a
reference signal sequence to use.

According to the present exemplary embodiment, the base
station does not notify each one of reference signal sequence
groups to use, but notifies a sequence notification number
shown 1n the bottom row of the table of FIG. 7 to each mobile
station. IT a base station and a mobile station share a sequence
assignment table as shown 1n FIG. 7 in advance, the mobile
station can 1dentily reference signal sequence groups and
cyclic shifted sequences under the groups by the base station
notilying a sequence notification number. For example, when
receiving a sequence notification number “1,” the mobile
station knows that cyclic shifted sequences S, and S, under
the CAZAC sequence group G, are used for the PUSCH/
PUCCH demodulation reference signal, and that cyclic
shifted sequences S, to S, under the group G, are used for the
sounding reference signal. Moreover, when receiving a
sequence notification number *“5,” the mobile station knows
that cyclic shifted sequences S, and S under the CAZAC
sequence group G, are used for the PUSCH/PUCCH
demodulation reference signal, and that cyclic shiited
sequences S, to S, under the group G- are used for the sound-
ing reference signal.

With correspondences thus made among each type of ref-
erence signal sequence group, three types of reference signal
sequence groups are collectively notified at a timer whereby
required mformation about sequence assignment can be noti-
fied using a small overhead.

Incidentally, cell/sector-specific 1information, which
includes mformation about a CAZAC sequence group and
cyclic shifted sequences with respect to the PUSCH demodu-
lation reference signal, a CAZAC sequence group and cyclic
shifted sequences with respect to the PUCCH demodulation
reference signal, and a CAZAC sequence group with respect
to the sounding reference signal, 1s transmitted through a
broadcast channel (BCH) or the like, which 1s a common
channel among cells. These pieces of information transmaitted
through BCH are contained in the above-mentioned informa-
tion about sequence assignment. Moreover, user-specific
information, which includes information about a cyclic
shifted sequence for the PUCCH demodulation reference
signal and a cyclic shifted sequence for the sounding refer-
ence signal, 1s transmitted through PDCCH (Physical Down-
link Control CHannel) or the like for mainly transmitting a
downlink control signal. For example, when a PUCCH
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demodulation reference signal and a sounding reference sig-
nal are multiplexed by CDM, a user-specific cyclic shifted
sequence 1s required as information specific to the user.

1.6) Specific Example

Next, a specific example of the reference signal sequence
assignment method according to the present exemplary
embodiment shown in FIGS. 5A, 5B, and 7 will be presented.

FIG. 5A 1s a cell structure diagram showing an example of
cell repetition assignment of CAZAC sequences and their
cyclic shifted sequences to be used in individual cells in a case
where the PUSCH/PUCCH demodulation reference signal
has a sequence length o1 12, and the sounding reference signal
has a sequence length of 36. FIG. 8B 1s a cell structure
diagram showing an example of sector repetition assignment
under similar conditions. The structures of a cell and sector
are similar to those shown 1n FIGS. 5A and 5B, and therefore
description thereof will be omutted.

For the PUSCH/PUCCH demodulation reference signals
since 1ts sequence length 1s 12, CAZAC sequences C, ; to
C, 5 which are shown in the column “1 RESOURCE
BLOCK?” of the table of FIG. 6, are used. For the sounding
reference signal, since i1ts sequence length 1s 36, CAZAC
sequences C, , to C, ,,, which are shown 1n the column “3

RESOURCE BLOCKS” of the table of FIG. 6, are used.

Referring to FIG. 8A, the CAZAC sequences C, ,to C, sof
the groups G, to G, are assigned to cells through 9-cell rep-
ctition assignment, and cyclic shifted sequences S, _. based on
cach CAZAC sequence are assigned to three sectors 1n each
cell. For example, the CAZAC sequence C, , 1s assigned to
the cell #1, and cyclic shifted sequences S, ,, S, 5 and S, 4
based on the CAZAC sequence C, , are assigned to the sec-
tors #1.1 to #1.3 1n the cell #1 respectively.

Referring to FIG. 8B, the CAZAC sequences C, , to C, .,
for the sounding reference signal are assigned to sectors
through 27-sector repetition assignment, and cyclic shifted
sequences S, _. based on the assigned CAZAC sequence can
be used 1n each sector. For example, the sequences C, ;, C; 4
and C, , are assigned to the sectors #1.1 to #1.3 in the cell #1
respectively, the sequences C; ,, C; - and C; 4 are assigned to
the sectors #2.1 to #2.3 1n the cell #2 respectively, and so on.

FIG. 9 15 a sequence assignment table showing, on a cell/
sector basis, the assignment of the reference signal sequences
shown 1n FIGS. 8A and 8B. Here, shown are the exemplary
uses of the CAZAC sequences C, , to C, ; and C; , to C; ,-
and their cyclic shifted sequences S, to S, showing which
CAZAC sequences and cyclic shifted sequences are used 1n
cach cell and sector.

For example, referring to the cell #1, with respect to the
PUSCH demodulation reference signal sequence, the
sequence C, , of the group G, 1s assigned to the cell #1, and
s1x cyclic shifted sequences S, to S, based on the sequence
C, , are assigned to the sectors #1.1 to #1.3 by twos (here,
S| 4 5, 5 and S; 4 respectively). Assignment 1s similarly per-
tformed with respect to the PUCCH demodulation reference
signal sequence.

Moreover, with respect to the sounding reference signal
sequence, the sequences C; , to C; ,- of the nine groups G, to
G, are sequentially assigned to the difl

erent sectors #1.1,
#1.2,#1.3, #2.1, #2.2, and so on. For example, the sequences
C; 4, C5 sand C, ; ofthe groups G, , G, and G, are assigned to
the sectors #1.1 to #1.3 of the cell #1 respectively, and cyclic
shifted sequences (here, S, ., that 1s, S, to S,) based on the
assigned sequence can be used in each sector. As described
already, with respect to the PUSCH/PUCCH demodulation
reference signal, 9-cell repetition assignment 1s employed by
which the sequences C, ;, to C, 5 are assigned to cells, and
with respect to the sounding reference signal, 2'7-sector rep-
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ctition assignment 1s employed by which the sequences C, |
to C, ,, are assigned to sectors. Accordingly, the level of
interference of every type of reference signal 1s equivalent to
the level of interference 1n the case of 9-cell repetition.

Note that FIG. 9 1s a table as an example showing the
exemplary uses of CAZAC sequences and cyclic shifted
sequences to be used 1n individual cells 1n actuality 1n a case
where the PUSCH/PUCCH demodulation reference signal
has a sequence length o1 12 and the sounding reference signal
has a sequence length o1 36. That 15, shown here 1s an example
where the sequence length of each type of reference signal 1s
the smallest, and accordingly the reuse distance 1s also short.

As described above, even in the case where the sequence
length of each type of reference signal 1s the smallest, the
PUSCH demodulation reference signal sequences are repeat-
edly used every nine cells, the PUCCH demodulation refer-
ence signal sequences are repeatedly used every nine cells,
and the sounding reference signal sequences are repeatedly
used every 27 sectors. Accordingly, the level of interference
of every type of reference signal can be set as low as the level
of interference in the case of 9-cell repetition.
1.7) Effects

According to the present exemplary embodiment
described above, with consideration given to the features and
required conditions (at least the minimum sequence length

and the number of multiplexed UEs) of each type of reference
signal, cell repetition assignment 1s employed with respect to
the PUSCH demodulation reference signal and PUCCH
demodulation reference signal, and sector repetition assign-
ment 1s employed with respect to the sounding reference
signal, whereby sequence assignment placing higher priority
on the reuse distance 1s performed so that the reuse distance 1s
made large. Accordingly, 1t can be hoped that an effect 1s
obtained 1n a case where the number of reference signal
sequences 1s small, or 1n an environment where the mfluence
ol inter-cell interference 1s large. In other words, the influence
of inter-cell interference can be reduced, and at the same time,
a large number of cyclic shifted sequences per sector can be
secured. Moreover, as shown in FIG. 7 as an example, since it
1s also possible to equalize the reuse distances for the refer-
ence signals of all types, a cell design can be simplified. In
addition, sequences can be notified without increasing an
overhead by making correspondences among each type of
reference signal sequence group.

2. Second Exemplary Embodiment

According to the above-described first exemplary embodi-
ment, cell repetition assignment 1s employed for group
assignment with respect to the PUSCH/PUCCH demodula-
tion reference signal, and sector repetition assignment 1s
employed for group assignment with respect to the sounding
reference signal. However, the present invention 1s not limited
to this embodiment.

According to a second exemplary embodiment of the
present invention, 1n a case where the sounding reference
signal has a sequence length of 36, cell repetition assignment
1s also employed for group assignment with respect to the
sounding reference signal, and three reference signal
sequences ncluded in each group are assigned to three sec-
tors respectively. With respect to the PUSCH/PUCCH
demodulation reference signal, sequence assignment 1s per-
formed as 1n the first exemplary embodiment, and therefore
description thereotf will be omitted. Heremafter, description
will be given only of sequence assignment with respect to the
sounding reference signal.
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FIG. 10A 1s a cell structure diagram showing an example of
cell repetition assignment of PUSCH/PUCCH demodulation
reference signal sequence groups according to the second
exemplary embodiment of the present invention. FIG. 10B 1s
a cell structure diagram showing an example of cell repetition
assignment ol sounding reference signal sequence groups
according to the present exemplary embodiment.

Referring to FI1G. 10B, for group assignment with respect
to the sounding reference signal, although cell repetition
assignment, which 1s the same as the assignment method
shown 1n FI1G. 10A, 1s employed, three CAZAC sequences of
cach group in the case of “3 resource blocks™ (see FI1G. 6) are
assigned to three sectors 1n each cell respectively. Thereby,
cyclic shifted sequences S, to S, based on the assigned
CAZAC sequence can be used 1n each sector.

FIG. 11 1s a sequence assignment table showing, on a
cell/sector basis, the assignment of reference signal
sequences according to the second exemplary embodiment of
the present invention. Here, shown are the exemplary uses of
the reference signal sequence groups G, to Gy and cyclic
shifted sequences S, to S, as shown 1n FIGS 10A and 10B,
showing which groups and cyclic shifted sequences are used
in each cell and sector.

For example, referring to the cell #1, with respect to the
PUSCH demodulation reference signal sequence, the group
G, 1s assigned to the cell #1, and si1x cyclic shifted sequences
S, to S, are assigned to the sectors #1.1 to #1.3 by twos (here,
S| 4 S, 5 and S,  respectively). Assignment 1s similarly per-
tformed with respect to the PUCCH demodulation reference
signal sequence. With respect to the sounding reference sig-
nal sequence, although the same group G, 1s also assigned to
the cell #1, a different point i1s that the reference signal
sequences C, ,, C, , and C, ,, which are the items 1n the row
“(G,” and the column “3 RESOURCE BLOCKS” of the table
of FIG. 6, are assigned to the sectors #1.1 to #1.3 respectively.
Accordingly, cyclic shifted sequences S, to S, of the assigned
one of the reference signal sequences C, ;, C; , and C; 5 can
be used 1n each sector. Assignment 1s similarly performed for
each of the other cells #2 to #9, as shown in FIG. 11.

Additionally, since an uplink reference signal 1s used for
channel estimation or for channel quality measurement, it 1s
necessary that an assigned reference signal sequence should
be known to both of a base station and a mobile station in
advance. To this end, the base station notifies each mobile
station of a reference signal sequence to use. According to the
present exemplary embodiment, as 1n the first exemplary
embodiment, the base station notifies each mobile station ot a
sequence notification number shown in the bottom row of the
table of FIG. 11. If a base station and a mobile station share a
sequence assignment table as shown in FIG. 11 in advance,
the mobile station can i1dentily reference signal sequence
groups and cyclic shifted sequences under the groups by the
base station notifying a sequence notification number.

According to the second exemplary embodiment of the
present invention, with consideration given to at least the
mimmum sequence length and the number of multiplexed
UEs, cell repetition assignment 1s employed also for group
assignment with respect to the sounding reference signal.
Specifically, 1f the sequence length of the sounding reference
signal 1s 36 or greater, cell repetition assignment 1s employed
also for group assignment with respect to the sounding refer-
ence signal, and three different reference signal sequences
(pseudo-orthogonal sequences) or more included 1n each
group are respectively assigned to a plurality of sectors 1n
cach cell. Thereby, 1n each cell, the same group can be
assigned with respect to all of the PUSCH demodulation
reference signal, PUCCH demodulation reference signal, and
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sounding reference signal. Accordingly, in addition to an
eifect similar to that of the first exemplary embodiment, a

turther advantage 1s offered that sequence assignment control
can be facilitated.

3. Third Exemplary Embodiment

According to the above-described first and second exem-
plary embodiments, the assignment method placing higher
priority on the reuse distance 1s employed with respect to the
PUCCH demodulation reference signal. However, the
present invention 1s not limited to these embodiments.

According to a third exemplary embodiment of the present
invention, an assignment method placing higher priority on
the number of multiplexed UEs 1s employed with respect to
the PUCCH demodulation reference signal. That 1s, in the
third exemplary embodiment, cell repetition assignment 1s
employed with respect to the PUSCH demodulation refer-
ence signal as 1n the first and second exemplary embodi-
ments, but sector repetition assignment 1s employed with
respect to the PUCCH demodulation reference signal and
sounding reference signal.

FIG. 12A1s a cell structure diagram showing an example of
a method for cell repetition assignment of sequence groups
with respect to the PUSCH demodulation reference signal
according to the third exemplary embodiment of the present
invention. FIG. 12B 1s a cell structure diagram showing an
example of a method for sector repetition assignment of
sequence groups with respect to the PUCCH demodulation
reference signal according to the present exemplary embodi-
ment. FIG. 12C 1s a cell structure diagram showing an
example of a method for sector repetition assignment of
sequence groups with respect to the sounding reference sig-
nal. Since the different point from the above-described first
and second exemplary embodiments 1s the sequence assign-
ment with respect to the PUCCH demodulation reference
signal shown 1n FIG. 12B, description will be given below of
the assignment method shown 1n FIG. 12B.

3.1) Sequence Assignment for PUCCH DM RS

For sequence group assignment with respect to the
PUCCH demodulation reference signal, sector repetltlon
assignment 1s employed so that a large number of cyclic
shifted sequences can be used (that 1s, a large number of UEs
can be multiplexed) in each cell. In this case, cyclic shitted
sequences based on each CAZAC sequence are used only to
orthogonalize reference signals of UEs that are transmitting
PUCCH.

Referring to FIG. 12B, sector repetition assignment 1s
employed for group assignment with respect to the PUCCH
demodulation reference signal. That 1s, the nine groups G, to
G, are sequentially assigned to the difl

erent sectors #1.1,
#1.2, #1.3, #2.1, #2.2, and so on. Here, the groups are
assigned to the sectors through sector repetition assignment
in such a manner that the groups G,, G, and G, are assigned
to the sectors #1.1 to #1.3 1n the cell #1 respectively, the
groups G, G, and Gy are assigned to the sectors #2.1 to #2.3
in the cell #2 respectively, and so on. Note that this order 1n
which the groups are assigned 1s an example. For example, 1t
1s also possible that the groups G, to G, are assigned to the
sectors #1.1 to #1.3 in the cell #1 respectively.

By assigning the groups in this manner, a maximum nuimn-
ber of cyclic shifted sequences (here, S, _, that 1s, S, to S,)
based on a reference signal sequence of the assigned group
can be used 1n each sector. Accordingly, 1n the case where the
PUCCH demodulation reference signal corresponds to three
resource blocks, the number of CDM-UESs can be increased to
18 (6x3) at the largest by applying block spreading (Walsh
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covering) as described already. These cyclic shifted
sequences can be used only to orthogonalize reference signals
of users that are transmitting PUCCH.
3.2) Sequence Assignment Table

According to the present exemplary embodiment, with
consideration given to the above-described features and
required conditions of each type of reference signal, cell
repetition assignment 1s employed with respect to the PUSCH
demodulation reference signal, and sector repetition assign-
ment 15 employed with respect to the PUCCH demodulation
reference signal and sounding reference signal, as shown in

FIGS. 12A to 12C. From the standpoint of each cell and

sector, the assignment methods can be described as follows.

FIG. 13 1s a sequence assignment table showing, on a
cell/sector basis, the assignment of reference signal
sequences according to the third exemplary embodiment of
the present invention. Here, shown are the exemplary uses of
the CAZAC sequence groups G, to Gy, and cyclic shifted
sequences S, to S, as shown 1 FIGS. 12A to 12C, showing
which groups and cyclic shifted sequences are used 1n each
cell and sector.

For example, referring to the cell #1, with respect to the
PUSCH demodulation reference signal sequence, the group
(G, 1s assigned to the cell #1, and s1x cyclic shifted sequences
S, to S, are assigned to the sectors #1.1 to #1.3 by twos (here,
S| 4 S, 5 and S, 4 respectively).

On the other hand, with respect to the PUCCH demodula-
tion reference signal sequence and sounding reference signal
sequence, the nine groups G, to G, are sequentially assigned
to the different sectors #1.1, #1.2, #1.3, #2.1, #2.2, and so on.
For example, the groups G,, G, and G, are assigned to the
sectors #1.1 to #1.3 of the cell #1 respectively, and cyclic
shifted sequences (here, S, ., that 1s, S, to S,) based on a
reference signal sequence belonging to the assigned one of
the groups G, G, and C, can be used 1n each sector.

Incidentally, mm a case where the PUSCH/PUCCH
demodulation reference signal corresponds to one 1s resource
block and the sounding reference signal corresponds to three
resource blocks, even 1f the same groups are assigned, the
PUCCH demodulation reference signal sequences are nine

sequences C, ; to C, o, and the sounding reference signal
sequences are 27 sequences C, ; to C; ,-, as described with
reference to FIG. 6. Accordingly, with respect to the PUCCH
demodulation reference signal, 9-sector repetition assign-
ment 15 employed by which the reference signal sequences
C, toC, ;ofthe groups G, to G, are sequentially assigned to
the sectors #1.1 to #9.3, and the level of interference of this
type of reference signal 1s equivalent to the level of interfer-
ence 1n the case of 3-cell repetition.

That 1s, the PUSCH demodulation reference signal
sequences are repeatedly used every mine cells, the PUCCH
demodulation reference signal sequences are repeatedly used
every nine sectors, and the sounding reference signal
sequences are repeatedly used every 27 sectors. The levels of
inter-cell intertference of the PUSCH demodulation reference
signal, PUCCH demodulation reference signal, and sounding
reference signal are equivalent to those 1n the cases of 9-cell
repetition, 3-cell repetition, and 9-cell repetition respectively.

Moreover, two cyclic shifted sequences per sector can be
used for the PUSCH demodulation reference signal, six
cyclic shifted sequences per sector can be used for the
PUCCH demodulation reference signal, and six cyclic shifted
sequences per sector can be used for the sounding reference
signal. Note that the cyclic shifted sequences for PUSCH
demodulation are used only when MIMO 1s applied, and the
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cyclic shifted sequences for PUCCH demodulation and the
cyclic shifted sequences for sounding are used for UE multi-
plexing.

3.3) Notification of Sequence Assignment

Since an uplink reference signal 1s used for channel esti-
mation or for channel quality measurement, 1t 1s necessary
that an assigned reference signal sequence should be known
to both of a base station and a mobile station 1n advance. To
this end, the base station notifies each mobile station of a
reference signal sequence to use.

According to the present exemplary embodiment, the base
station does not notify each one of reference signal sequence
groups to use but notifies a sequence notification number
shown 1n the bottom row of the table of F1G. 13 to each mobile
station. IT a base station and a mobile station share a sequence
assignment table as shown 1n FIG. 13 1n advance, the mobile
station can 1dentily reference signal sequence groups and
cyclic shifted sequences under the groups by the base station
notilying a sequence notification number. For example, when
receiving a sequence notification number *“1,” the mobile
station knows that cyclic shifted sequences S, and S, under
the CAZAC sequence group G, can be used for the PUSCH
demodulation reference signal, and that cyclic shifted
sequences S, to S, under the group G, can be used for the
PUCCH demodulation reference signal and sounding refer-
ence signal.

With correspondences thus made among each type of ret-
erence signal sequence group, three types of reference signal
sequence groups are collectively notified at a time, whereby
required mformation about sequence assignment can be noti-
fied using a small overhead.

Incidentally, cell/sector-specific 1nformation, which
includes mformation about a CAZAC sequence group and
cyclic shifted sequences with respect to the PUSCH demodu-
lation reference signal, a CAZAC sequence group and cyclic
shifted sequences with respect to the PUCCH demodulation
reference signal, and a CAZAC sequence group with respect
to the sounding reference signal, 1s transmitted through BCH
or the like, which 1s a common channel among cells. More-
over, user-specific information, which includes mformation
about a cyclic shifted sequence for the PUCCH demodulation
reference signal and a cyclic shifted sequence for the sound-
ing reference signal, 1s transmitted through PDCCH or the
like, which mainly transmits a downlink control signal. For
example, when a PUCCH demodulation reference signal and
a sounding reference signal are multiplexed by CDM, cyclic
shifted sequences specific to a user are required as informa-
tion specific to the user.

3.4) Specific Example

Next, a specific example of the reference signal sequence
assignment method according to the present exemplary
embodiment shown 1 FIGS. 12A to 13 will be presented.

FIG. 14 A 1s a cell structure diagram showing an example of
cell repetition assignment of PUSCH demodulation reference
signal sequences and their cyclic shifted sequences to be used
in 1ndividual cells 1n a case where the PUSCH/PUCCH
demodulation reference signal has a sequence length of 12
and the sounding reference signal has a sequence length o1 36.
FIG. 14B 1s a cell structure diagram showing an example of
sector repetition assignment of PUCCH demodulation refer-
ence signal sequences and their cyclic shifted sequences
under similar conditions. FI1G. 14C 1s a cell structure diagram
showing an example of sector repetition assignment of sound-
ing reference signal sequences under similar conditions.

Note that the cell and sector structures are similar to those
shown in FIGS. 12A to 12C, and FIGS. 14 A and 14C are the

same as FIGS. 8A and 8B respectively. Therefore, description
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thereol will be omitted. For the PUSCH demodulation refer-
ence signal and PUCCH demodulation reference signal, since
their sequence lengths are both 12, the CAZAC sequences
C, {,t0o C, 5, which are shown 1n the column “1 RESOURCE
BLOCK?” of the table of FIG. 6, are used. For the sounding
reference signal, since 1ts sequence length 1s 36, the CAZAC
sequences C, , to C, ,,, which are shown 1n the column “3
RESOURCE BLOCKS” of the table of FIG. 6, are used.

Retferring to FIG. 14B, the CAZAC sequences C, |, to C, 4
of the groups G, to G, are assigned to sectors through 9-sector
repetition assignment. For example, the sequences C, ;, C, 4
and C, - are assigned to the sectors #1.1 to #1.3 1n the cell #1
respectively, and cyclic shifted sequences S, to S, based on
the assigned CAZAC sequence can be used 1n each sector.

FIG. 15 1s a sequence assignment table showing, on a
cell/sector basis, the assignment of the reference signal
sequences shown 1 FIGS. 14A to 14C. Here, shown are the
exemplary uses ol the CAZAC sequences C, , toC, ;and C, |
to C; ,~ and their cyclic shifted sequences S, to S, showing
which CAZAC sequences and cyclic shifted sequences are
used 1n each cell and sector.

For example, referring to the cell #1, with respect to the
PUSCH demodulation reference signal sequence, the
sequence C, , of the group G, 1s assigned to the cell #1, and
s1x cyclic shifted sequences S, to S, based on the sequence
C, ; are assigned to the sectors #1.1 to #1.3 by twos (here,
S, 4 155 and S; 4 respectively).

With respect to the PUCCH demodulation reference signal
sequence, the sequences C, , to C, , of the nine groups G, to
G, are sequentially assigned to the ditf

erent sectors #1.1,
#1.2,#1.3, #2.1, #2.2, and so on. For example, the sequences
C, ;,C, sandC, , ofthe groups G,, G, and G, are assigned to
the sectors #1.1 to #1.3 of the cell #1 respectively, and cyclic
shifted sequences (here, S, ., that 1s, S, to S,) based on the
assigned sequence can be used 1n each sector.

Moreover, with respect to the sounding reference signal,
the sequences C, , to C; ,- of the nine groups G, to G, are
sequentially assigned to the different sectors #1.1, #1.2, #1.3,
#2.1, #2.2, and so on. For example, the sequences C, ,, C; 4
and C, - of the groups G,, G, and G, are assigned to the
sectors #1.1 to #1.3 of the cell #1 respectively, and cyclic
shifted sequences (here, S, ., that 1s, S, to S,) based on the
assigned sequence can be used 1n each sector.

Note that FIG. 15 15 a table as an example showing the
exemplary uses of the CAZAC sequences and cyclic shifted
sequences to be used 1n each cell 1n actuality 1n a case where
the PUSCH/PUCCH demodulation reference signal has a
sequence length of 12 and the sounding reference signal has
a sequence length of 36. That 1s, shown here 1s an example
where the sequence length of each type of reference signal 1s
the smallest. In the present exemplary embodiment, the
PUSCH demodulation reference signal sequences are repeat-
edly used every nine cells, the PUCCH demodulation refer-
ence signal sequences are repeatedly used every nine sectors,
and the sounding reference signal sequences are repeatedly
used every 27 sectors. The levels of interference of the
PUSCH demodulation reference signal, PUCCH demodula-
tion reference signal, and sounding reference signal are
equivalent to those 1n the cases of 9-cell repetition, 3-cell
repetition, and 9-cell repetition respectively.

3.5) Effects

According to the present exemplary embodiment
described above, with consideration given to the features and
required conditions (at least the mimmimum sequence length
and the number of multiplexed UEs) of each type of reference
signal, cell repetition assignment 1s employed with respect to
the PUSCH demodulation reference signal, and sector rep-
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ctition assignment 1s employed with respect to the PUSCH
demodulation reference signal and sounding reference signal,

whereby sequence assignment placing higher priority on the
number of multiplexed UEs of PUCCH than on the reuse
distance 1s performed. Accordingly, since the reuse distance
at which the CAZAC signal sequences for PUCCH demodu-
lation are repeatedly used 1s smaller than those 1n the first and
second exemplary embodiments, it can be hoped that an effect
1s obtained 1n a case where the number of the CAZAC signal
sequences for PUCCH demodulation 1s relatively large, or in
an environment where the influence of inter-cell interference
1s small.

4. Mobile Communications System

4.1) Base Station

A base station 1n a mobile communications system accord-
ing to the present imnvention transmits a sequence notification
number to each mobile station, thereby notitying CAZAC
sequences for uplink reference signals, as described through
the first to third exemplary embodiments. Hereinaiter, the
configuration and operations of the base station will be
described brietly.

FIG. 16 1s a block diagram showing the major configura-
tion of a base station in a mobile communications system to
which the sequence assignment method according to any one
of the first to third exemplary embodiments of the present
invention 1s applied. Here, 1t 1s assumed that the base station
10 accommodates a plurality of mobile stations 20 (UE1,
UE2, and so on).

A radio communication control section 101 controls com-
municating with the plurality of mobile stations 20 1n accor-
dance with a predetermined frequency-time multiplex struc-
ture as shown 1n FIG. 2 for example. For example, the radio
communication control section 101 demultiplexes multi-
plexed signals received from the plurality of mobile stations
20 and outputs the demultiplexed signals to a PUSCH repro-
duction section 102, PUCCH reproduction section 103, and
CQI measurement section 104. The radio communication
control section 101 also multiplexes various types of trans-
mission signals from a PDCCH generation section 107, BCH
generation section 108, and reference signal generation sec-
tion 109 in accordance with the predetermined frequency-
time multiplex structure and transmits the multiplexed signals
to the plurality of mobile stations 20.

The CQI measurement section 104 receives a sounding
reference signal from each mobile station 20, thereby mea-
suring uplink channel quality. The CQI measurement section
104 outputs the measured uplink channel quality to each of a
control section 105 and a scheduler 106. The scheduler 106,
under the control of the control section 105, performs chan-
nel-dependent frequency scheduling by using the measured
uplink channel quality of each mobile station 20.

The scheduler 106 outputs to the PDCCH generation sec-
tion 107 information about a cyclic shifted sequence for the
PUCCH demodulation reference signal and a cyclic shitted
sequence for the sounding reference signal, which 1s user-
specific information. The information is transmitted to each
mobile station 20 as a downlink control signal through the
PDCCH generation section 107 and radio communication
control section 101.

The control section 105 outputs to the BCH generation
section 108 information about a CAZAC sequence group and
cyclic shifted sequences with respect to the PUSCH demodu-
lation reference signal, a CAZAC sequence group and cyclic
shifted sequences with respect to the PUCCH demodulation
reference signal, and CAZAC sequences for the sounding
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reference signal, which 1s cell/sector-specific information.
This information 1s broadcast through the BCH generation
section 108 and radio communication control section 101.

Moreover, the control section 105 selects a sequence to use
by referring to sequence groups and a sequence assignment
table stored 1n a CAZAC sequence table memory 110. The
sequence assignment table 1s any one of the tables shown as
examples 1n FIGS. 7,9, 11, 13, and 15. The sequence groups
are those shown in FIG. 6 as an example. Note that the
sequence assignment table stored 1n the CAZAC sequence
table memory 110 may be set at the time of shipment from a
factory, or may be set or updated at the time of, or after,
installation.

According to the first exemplary embodiment, the control
section 1035, considering the features and required conditions
(at least the minimum sequence length and the number of
multiplexed UEs) of each type of reference signal, controls
the scheduler 106 1n accordance with the reference assign-
ment table so that cell repetition assignment of sequences will
be selected with respect to the PUSCH demodulation refer-
ence signal and PUCCH demodulation reference signal, and
so that sector repetition assignment of sequences will be
selected with respect to the sounding reference signal.
Thereby, the reuse distance, at which the same reference
signal sequences (pseudo-orthogonal sequences) are repeat-
edly used, can be made large (reuse distance priority).

According to the second exemplary embodiment, the con-
trol section 103, considering at least the minimum sequence
length and the number of multiplexed UEs, controls the
scheduler 106 so that cell repetition assignment will be
selected also for group assignment with respect to the sound-
ing reference signal 1f the sounding reference signal has a
sequence length of 36 or greater. In this case, three different
reference signal sequences (pseudo-orthogonal sequences) or
more included 1n each group are respectively assigned to a
plurality of sectors in each cell.

According to the third exemplary embodiment, the control
section 105, considering at least the minimum sequence
length and the number of multiplexed users, controls the
scheduler 106 so that cell repetition assignment of sequences
will be selected with respect to the PUSCH demodulation
reference signal, and so that sector repetition assignment of
sequences will be selected with respect to the PUCCH
demodulation reference signal and sounding reference signal.
Thereby, sequence assignment placing higher priority on the
number of multiplexed UEs of PUCCH than on the reuse
distance 1s performed.

In addition, the sequence assignment table is stored 1n the
CAZAC sequence table memory 110 whereby the base sta-
tion can designate reference signal sequence groups to each
mobile station 20 only by notifying a sequence notification
number, without an overhead being increased.

Incidentally, the control section 103 and scheduler 106 can
also 1mplement each of the above-described exemplary
embodiments by executing a program on a program-con-
trolled processor.

4.2) Mobile Station (UE)

FIG. 17 1s a block diagram showing the major configura-
tion of a mobile station 20 in the mobile communications
system to which the sequence assignment method according
to any one of the first to third exemplary embodiments of the
present mvention 1s applied. Since resource management 1s
not performed by the mobile station 20, resources to be used
for transmission and reception are set 1n accordance with
information about uplink and downlink resource assignment
received from the base station 10. As described already, the
mobile station 20 sets CAZAC sequences to use and a cyclic
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shift amount to make i each CAZAC sequence, 1n accor-
dance with information notified from the base station 10, such
as a sequence notification number. Hereinaiter, the circuit
structure and operations of the mobile station 20 will be
described brietly.

Referring to FIG. 17, a radio communication section 201
receives from the base station 10 multiplexed signals, from
which information about user-specific reference signal
sequences 1s extracted by a PDCCH extraction section 202,
and information about cell/sector-specific reference signal
sequences 1s extracted by a BCH extraction section 203. In
accordance with a sequence notification number and cyclic
shift information notified from the base station 10, a control
section 204 determines a CAZAC sequence and performs
cyclic-shifting control and the like.

A PUSCH generation section 205 generates a PUSCH data
signal. The PUSCH data signal 1s transformed into frequency
domain by a Discrete Fourier Transform (DFT) section 212
and then output to a signal selection section 213.

A PUCCH generation section 206 generates a PUCCH
control signal. A CAZAC sequence spreading section 207
spreads the PUCCH control signal by using a frequency-
domain CAZAC sequence input from a CAZAC sequence
generation section 208. This CAZAC sequence 1s a sequence
generated by the CAZAC sequence generation section 208 1n
accordance with the information notified from the base sta-
tion 10, such as the sequence notification number, and 1s the
same as a PUCCH demodulation reference signal sequence to
be used by the mobile station 20.

The CAZAC sequence generation section 208 generates
frequency-domain CAZAC sequences and outputs them to
the CAZAC sequence spreading section 207 and a block
spreading section 211. Another block spreading section 209
performs block spreading on the PUCCH spread control sig-
nal by using a spreading code from a block-spreading code
generation section 210 and outputs the resultant PUCCH
control signal to the signal selection section 213. The block
spreading section 211 performs block spreading on the fre-
quency-domain CAZAC sequence mput from the CAZAC
sequence generation section 208 by using a spreading code
from the block-spreading code generation section 210 and
outputs the resultant reference signal (CAZAC sequence) to
the signal selection section 213. The block-spreading code
generation section 210 generates codes used for block spread-
ing of the PUCCH control signal and reference signals.

The signal selection section 213, under the control of the
control section 204, sequentially selects the PUSCH data
signal from the DFT 212, the PUCCH control signal from the
block spreading section 209, and the reference signal from the
block spreading section 211, multiplexes the signals by, fo
example, time division multiplexing in the time direction
shown 1n FIG. 2, and then outputs the multiplexed signals to
a sub-carrier mapping section 214. The sub-carrier mapping
section 214 maps the frequency-domain signals mput from
the signal selection section 213 into the sub-carriers of allo-
cated resource blocks and outputs the resultant signals to an
inverse Fourier transform (IFFT) section 215, where the sig-
nals are transformed 1nto time domain.

Subsequently, cyclic shift section 216, under the control of
the control section 204, performs cyclic shifting of the
CAZAC sequence. Specifically, for PUSCH, the cyclic shait
section 216 does not perform cyclic shifting by setting the
cyclic shuft amount to zero. For each of PUCCH and the
reference signal, the control section 204 designates one of six
cyclic shift amounts, based on which cyclic shifting 1s per-
formed on the time-domain CAZAC signal. Subsequently, a
cyclic prefix adding section 217 adds cyclic prefixes to the
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thus obtained time-domain signals and outputs the resultant
signals to the radio communication section 201.

A CAZAC sequence table memory 218 stores sequence
groups and a sequence assignment table used for CAZAC
sequence assignment control. The control section 204
searches the sequence assignment table by using a sequence
notification number notified from the base station 10 and
determines CAZAC sequences in accordance with this
sequence notification number and cyclic shift information.
Based on the determined CAZAC sequences, the CAZAC
sequence generation section 208 generates frequency-do-
main CAZAC sequences. Examples of the sequence assign-
ment table are shown 1n FIGS. 7,9, 11, 13, and 15, which are
the same as those used by the base station 10 An example of
the sequence groups 1s shown 1n FIG. 6.

Note that the control section 204 can also implement each
of the above-described exemplary embodiments by executing
a program on a program-controlled processor.

4.3) Operation

FIG. 18 1s a sequence diagram showing a sequence assign-
ment procedure in the mobile communications system to
which the sequence assignment method according to any one
of the first to third exemplary embodiments of the present
invention 1s applied. Hereinafter, 1t 1s assumed that the
CAZAC sequence table memory 110 of a base station eNB
and the CAZAC sequence table memory 218 of a mobile
station UE store the sequence assignment table according to
any one of the first to third exemplary embodiments in com-
mon.

When the scheduler 106 of the base station eNB has deter-
mined CAZAC sequences to use for this mobile station UE,
the base station eNB notifies the mobile station UE of a
sequence notification number 1n the sequence assignment
table, cyclic shift information, and the like through the
PDCCH generation section 107 and BCH generation section
108 (Step S301). Based on the notified sequence notification
number and cyclic shift information, the control section 204
of the mobile station UE determines CAZAC sequences for
various types of reference signals in the sequence assignment
table.

When an uplink data signal from the PUSCH generation
section 205 1s transmitted, the CAZAC sequence generation
section 208 generates a PUSCH demodulation reference sig-
nal sequence, and the cyclic shift section 216 performs cyclic
shift specific to thus mobile station, whereby a PUSCH
demodulation reference signal (PUSCH DM RS) 1s transmit-
ted (Step S303).

When an uplink control signal from the PUCCH genera-
tion section 206 1s transmitted, the CAZAC sequence genera-
tion section 208 generates a PUCCH demodulation reference
signal sequence, and the cyclic shiit section 216 performs
cyclic shift specific to this mobile station UE, whereby a
PUCCH demodulation reference signal (PUCCH DM RA) 1s
transmitted (Step S304). In this case, as described already, it
1s also possible to increase the number of CDM-UEs by
applying block spreading.

When a CAZAC sequence of a group corresponding to the
sequence notification number, generated by the CAZAC
sequence generation section 208, 1s used as a sounding refer-
ence signal sequence, the cyclic shiit section 206 performs
cyclic shift specific to this mobile station UE, whereby a
sounding reference signal 1s transmitted (Step S305).

Incidentally, when a new sequence notification number 1s
notified (Step S306), the above-described sequence (Steps
S301 to S305) 15 repeated.

5. Other Exemplary Embodiments

In the above-described first to third exemplary embodi-
ments, description has been given of the case where
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sequences are assigned 1n group units each of which includes
CAZAC sequences of multiple different sequence lengths.
However, the present invention can be similarly applied to a
case where CAZAC sequences of multiple different sequence
lengths, not collected as a group, are individually assigned.

Moreover, in each of the above-described exemplary
embodiments, as different types ol reference signals, the
PUSCH demodulation reference signal, PUCCH demodula-
tion reference signal, and sounding reference signal are used
to describe the present invention. However, the present inven-
tion 1s also applicable even 11 the types of these reference
signals are changed. It 1s possible to reduce the influence of
inter-cell interference and also to increase the number of users
that can be multiplexed per sector, by applying any of mul-
tiple repetition patterns, such as cell repetition and sector
repetition, based on at least one of the minimum sequence
length of reference signals and the number of multiplexed
mobile stations required.

The present mnvention can be applied to mobile radio cel-
lular systems in general in which assignment of reference
signal sequences 1s performed.

The present invention may be embodied 1n other specific
forms without departing from the spirit or essential features
thereof. The above-described exemplary embodiments are
therefore to be considered 1n all respects as illustrative and not
restrictive, the scope of the mnvention being indicated by the
appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

The mvention claimed 1s:

1. A sequence assignment method 1 a mobile communi-
cations system having a plurality of cells, each of which
includes a plurality of sectors, comprising:

assigning a plurality of pseudo-orthogonal sequences used

for reference signals to cells or sectors using a plurality
of repetition patterns, wherein one of the plurality of
repetition patterns 1s used depending on a type of a
reference signal.

2. The sequence assignment method according to claim 1,
wherein the plurality of repetition patterns includes at least a
cell repetition pattern and a sector repetition pattern, wherein
according to the cell repetition pattern, a pseudo-orthogonal
sequence 1s reused at intervals of a predetermined number of
cells, wherein according to a sector repetition pattern, a
pseudo-orthogonal sequence 1s reused at intervals of a prede-
termined number of sectors.

3. The sequence assignment method according to claim 2,
wherein according to the cell-repetition pattern, orthogonal
sequences based on a pseudo-orthogonal sequence assigned
to each cell are assigned to a plurality of sectors included in
the cell.

4. The sequence assignment method according to claim 2,
wherein according to the sector-repetition pattern, each sector
has a plurality of orthogonal sequences based on a pseudo-
orthogonal sequence assigned to the sector.

5. The sequence assignment method according to claim 1,
wherein types of reference signals are classified based on a
minimum sequence length of reference signal sequences and
a required number of multiplexed mobile stations.

6. The sequence assignment method according to claim 1,
wherein one of the plurality of repetition patterns 1s used 1s
turther based on at least one of a minimum sequence length of
reference signal sequences and a required number of multi-
plexed mobile stations.

7. The sequence assignment method according to claim 1,
wherein the plurality of pseudo-orthogonal sequences 1s clas-
sified mto groups, each of which includes sequences of at
least one sequence length, wherein pseudo-orthogonal
sequences are reused 1n units of the groups using the repeti-

tion patterns.
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8. The sequence assignment method according to claim 1,
wherein the reference signals are classified into types of a

PUSCH (Physical Uplink Shared Channel ) demodulation ret-
erence signal, a PUCCH (Physical Uplink Control Channel)
demodulation reference signal, and a sounding reference sig- 5
nal.

9. The sequence assignment method according to claim 8,
wherein the PUSCH demodulation reference signal 1s trans-
mitted 1n a frame including a data channel which 1s an uplink
physical channel for data transmission; 10

the PUCCH demodulation reference signal 1s transmitted
in a frame including a control channel which 1s an uplink
physical channel for control signal transmission; and

the sounding reference signal 1s transmitted independently
of the data channel and the control channel. 15

10. The sequence assignment method according to claim 8,
wherein the PUSCH demodulation reference signal 1s used
for demodulation of the data channel, the PUCCH demodu-
lation reference signal 1s used for demodulation of the control
channel, and the sounding reference signal 1s used for mea- 20
surement of uplink channels.

11. The sequence assignment method according to claim 8,
wherein pseudo-orthogonal sequences used for the PUSCH
demodulation reference signal are assigned according to a
cell-repetition pattern, and pseudo-orthogonal sequences 25
used for the sounding reference signal are assigned according,
to a sector-repetition pattern.

12. The sequence assignment method according to claim 8,
wherein pseudo-orthogonal sequences used for the PUCCH
demodulation reference signal are assigned according to 30
either a cell-repetition pattern or a sector-repetition pattern.

13. A sequence assignment device 1n a mobile communi-
cations system having a plurality of cells, each of which
includes a plurality of sectors, comprising:

a scheduler for assigning a plurality of pseudo-orthogonal 35
sequences used for reference signals to cells or sectors
using a plurality of repetition patterns, wherein the
scheduler uses one of the plurality of repetition patterns
depending on a type of a reference signal.

14. The sequence assignment device according to claim 13, 40
wherein the plurality of repetition patterns includes at least a
cell repetition pattern and a sector repetition pattern, wherein
according to the cell repetition pattern, a pseudo-orthogonal
sequence 1s reused at intervals of a predetermined number of
cells, wherein according to a sector repetition pattern, a 45
pseudo-orthogonal sequence 1s reused at intervals of a prede-
termined number of sectors.

15. The sequence assignment device according to claim 14,
wherein according to the cell-repetition pattern, orthogonal
sequences based on a pseudo-orthogonal sequence assigned 50
to each cell are assigned to a plurality of sectors included in
the cell, wherein according to the sector-repetition pattern,
cach sector has a plurality of orthogonal sequences based on
a pseudo-orthogonal sequence assigned to the sector.

16. The sequence assignment device according to claim 13, 55
wherein types of reference signals are classified based on a
mimmum sequence length of reference signal sequences and
a required number of multiplexed mobile stations.

17. The sequence assignment device according to claim 13,
wherein the plurality of pseudo-orthogonal sequences 1s clas- 60
sified mto groups, each of which includes sequences of at
least one sequence length, wherein the scheduler reuses
pseudo-orthogonal sequences 1n units of the groups using the
repetition patterns.

18. A base station in a mobile communications system 65
having a plurality of cells, each of which includes a plurality
ol sectors, comprising:
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a scheduler for assigning a plurality of pseudo-orthogonal
sequences used for reference signals to cells or sectors
using a plurality of repetition patterns, wherein the
scheduler uses one of the plurality of repetition patterns
depending on a type of a reference signal.

19. The base station according to claim 18, wherein the
plurality of repetition patterns includes at least a cell repeti-
tion pattern and a sector repetition pattern, wherein according,
to the cell repetition pattern, a pseudo-orthogonal sequence 1s
reused at intervals of a predetermined number of cells,
wherein according to a sector repetition pattern, a pseudo-
orthogonal sequence 1s reused at intervals of a predetermined
number of sectors.

20. The base station according to claim 19, wherein accord-
ing to the cell-repetition pattern, orthogonal sequences based
on a pseudo-orthogonal sequence assigned to each cell are
assigned to a plurality of sectors included 1n the cell, wherein
according to the sector-repetition pattern, each sector has a
plurality of orthogonal sequences based on a pseudo-orthogo-
nal sequence assigned to the sector.

21. The base station according to claim 20, further com-
prising:

a memory for storing the repetition patterns and informa-
tion on orthogonal sequences assigned to each sector,
which are related to each other.

22. The base station according to claim 21, wherein the
scheduler determines an orthogonal sequence to use on an
uplink reference signal by notifying a mobile station of
related information stored in the memory.

23. The base station according to claim 18, wherein types
of reference signals are classified based on a minimum
sequence length among used reference signal sequences and
a required number of multiplexed mobile stations.

24. The base station according to claim 18, wherein the
plurality of pseudo-orthogonal sequences 1s classified into
groups, each of which includes sequences of at least one
sequence length, wherein the scheduler reuses pseudo-or-
thogonal sequences 1n units of the groups using the repetition
patterns.

25. A computer readable storage device storing a program,
which when executed by a program-controlled processor,
instructs the program-controlled processor to function as a
sequence assignment device 1 a mobile communications
system having a plurality of cells, each of which includes a
plurality of sectors, wherein the program, which when
executed by the program-controlled processor, instructs the
program-controlled processor to further function as a sched-
uler for assigning a plurality of pseudo-orthogonal sequences
used for reference signals to cells or sectors using a plurality
ol repetition patterns, wherein one of the plurality of repeti-
tion patterns 1s used depending on a type of a reference signal.

26. A computer readable storage device storing a program,

which when executed by a program-controlled processor,
instructs the program-controlled processor to function as a
base station 1n a mobile communications system having a
plurality of cells, each of which includes a plurality of sectors,
wherein the program, which when executed by the program-
controlled processor, instructs the program-controlled pro-
cessor to further function as a scheduler for assigning a plu-
rality of pseudo-orthogonal sequences used for reference
signals to cells or sectors using a plurality of repetition pat-
terns, wherein one of the plurality of repetition patterns 1s
used depending on a type of a reference signal.
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